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The zero-point quantum fluctuations of the electromagnetic eld in vacuum are known to give rise
to a long-range attractive force between metal plates (Casimir eect). For magnetic layers separated
by vacuum (or by a dielectric), it is shown that the Casimir eect gives rise to a long-range magnetic
interaction. The Casimir magnetic force is found to decay as D−1 in the limit of short distances,
and as D−5 in the limit of long distances. Explicit expressions for realistic systems are given in
the large and small distance limits. The possibility of an experimental observation of the Casimir
magnetic interaction is discussed.
Since the discovery of magnets by the ancient Greeks,
long-range magnetic interactions have been an object of
fascination. It is usually considered that there exists
essentially two kinds of magnetic interactions between
magnetic moments or magnetized bodies: (i) the dipole-
dipole magnetostatic interaction, and (ii) the electron-
mediated exchange interaction. The latter have re-
cently received a renewed attention, with the discovery
of a spectacular oscillatory behavior of the interlayer ex-
change coupling between ferromagnetic layers separated
by a non-magnetic metal spacer [1,2], due to a spin-
dependent quantum size eect [3,4].
For the case of two uniformly magnetized ferromag-
netic plates (of innite lateral extension) held parallel to
each other in vacuum, the two above mentioned magnetic
coupling mechanisms yield a magnetic interaction which
decreases exponentially with interplate distance D: (i)
the stray eld due to a uniformly magnetized plate de-
creases exponentially (with a characteristic decay length
of the oder of the interatomic distance) with the distance
from the plate, and so does also the interplate dipolar
interaction; (ii) the interplate exchange interaction also
decays exponentially with D, since it is mediated by elec-
trons tunneling through vacuum between the two plates.
The aim of the present Letter is to point out the existence
of a novel, so far overlooked, mechanism of magnetic
interaction between magnetic bodies. This interaction
arises from the Casimir eect, and gives rise to a long-
range (i.e., with power-law decay) magnetic interaction;
at suciently large distance D it is therefore the domi-
nant mechanism of magnetic interaction between the two
ferromagnetic plates.
As Casimir pointed out in a seminal paper [5], the
zero-point quantum fluctuations of the electromagnetic
eld give rise to an attractive force between mirrors in
vacuum. The Casimir eect is currently attracting con-
siderable interest [6{11], in particular with respect to mi-
cromechanical devices [12,13], and has deep implications
in many elds of physics.
When the two mirrors are ferromagnetic, the magneto-
optical Kerr eect influences the interferences taking
place in the vacuum region between the two mirrors,
which in turn give rise to the Casimir force. If the
magnetization of one of the mirrors is reversed, then
the magneto-optical contribution to the interferences is
modied, so that the net attractive force between the
magnetic mirrors depends on whether their respective
magnetizations are parallel (FM) or antiparallel (AF);
in short, a magnetic interaction results. The Casimir
magnetic force has been calculated for magnetic mirrors
described by a Drude model: in the limit of very large
distance, the magnetic force decays as D−5; in the limit
of small distances, it decays as D−1; in the intermediate
regime, it decays as D−4. For equivalent magnetic ma-
terials on both sides, the Casimir magnetic interaction is
always antiferromagnetic. For realistic systems, the ex-
plicit expression of the Casimir magnetic force per unit
area F  FAF −FFM is found to be







in the limit of large distance, where σA(B) and θA(B) are,
respectively, the dc conductivity and anomalous Hall an-
gle of magnetic plate A (resp. B), and









[1 + εAxx(iω)] [1 + εBxx(iω)]
dω,
(2)
in the limit of short distances, where εA(B)xx (iω) and
ε
A(B)
xy (iω) are, respectively, the diagonal and o-diagonal
elements of the dielectric tensor of magnetic plate A
(resp. B), evaluated at imaginary frequency iω.
The Casimir interaction energy (per unit area) between
two mirrors can be conveniently expressed in terms of
























where kk and k? are the components of the wavevector,
respectively, parallel and perpendicular to the mirrors.
The above expression is completely analogous to the one
derived independently for the case of interactions medi-
ated by fermions (electrons) [3,4]. The 2  2 matrix of















where the index s (resp. p) corresponds to a polariza-
tion with the electric eld perpendicular (resp. parallel)
to the incidence plane. The o-diagonal matrix elements
rsp and rps are responsible for the magneto-optical ef-
fects. With the usual convention that the s axis remains
unchanged upon reflection, one has rsp = rps, and, for
perpendicular incidence, rss = −rpp. Performing the
change of variables (ω,kk) ! (ω, k?) and using com-
plex plane integration methods, one can rewrite Eq. (3)








dω Re Tr ln

1− RA(iω, ik?)RB(iω, ik?) e−2k⊥D

, (5)
where the reflection coecients are evaluated at imaginary values of the frequency and normal wavevector.




ω2 (εxx(iω)− 1) + (k?c)2
k?c +
q
ω2 (εxx(iω)− 1) + (k?c)2
, rpp(iω, ik?) =
εxx(iω)k?c−
q
ω2 (εxx(iω)− 1) + (k?c)2
εxx(iω)k?c +
q
ω2 (εxx(iω)− 1) + (k?c)2
(6a)








ω2 (εxx(iω)− 1) + (k?c)2
 . (6b)
For the sake of simplicity, the arguments (iω, ik?) will be omitted below. If the magnetization point inwards, then
the sign of rsp and rrs is reversed.
As the magneto-optical reflection coecients rsp are usually much smaller than 1 and than the usual reflection
coecients rss and rpp, one can expand the Casimir magnetic energy to lowest order in the magneto-optical coecients,
yielding


















Eq. (7) together with Eqs. (6a,6b) allow to calculated the
Casimir magnetic energy. The Casimir magnetic force
(per unit area) is then given as F  FAF − FFM =
−dE/dD.
In order to illustrate the above result, let us calculate
the Casimir magnetic interaction for the case of (equiv-
alent) magnetic mirrors with a dielectric tensor approxi-
mated by a Drude model:











The plasma frequency ωp is given by ωp2  4pine2/m?;
ωc  eBeff/m?c is the cyclotron frequency, where Beff
is the eective magnetic eld experienced by conduction
electrons as a result of the combined eect of the ex-
change and spin-orbit interactions; τ is the relaxation
time. It is assumed that ωcτ  1  ωpτ , which consti-
tutes the usual situation.
One can distinguish three dierent regimes: (i) D 
cτ , (ii) c/ωp  D  cτ , (iii) D  c/ωp. In regime (i)
(i.e., at long distances), the integral in Eq. (7) is domi-
nated by the range ω  k?c ’ c/D  1/τ , for which one
has










rss(iω, ik?)  −rpp(iω, ik?)  −1, (10a)
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One then nds that
















where ζ(x)  P1n=1 n−x is the Riemann zeta function,
with ζ(3)  1.202 . . .
In the intermediate distance regime (ii) (c/ωp  D 
cτ), the integral in Eq. (7) is dominated by the range
1/τ  ω  k?c ’ c/D  ωp, for which one has








so that rss and rpp satisfy Eq. (10a) and
rsp(iω, ik?)  −ωc
ωp
. (13)
One then nds that
















In the short distance regime (iii) (D  c/ωp), one
needs to consider separately the range with ω  k?c 
ωp, for which the reflection coecients are given by
Eqs. (13,b), and the range with ωp  ω  k?c. For
ω  ωp, εxy is given by Eq. (12b) and




so that, for k?c  ωp,
jrss(iω, ik?)j  1, rpp(iω, ik?) 1, (16a)




One then nds that




















where ω? is a cut-o frequency of the order of the plasma
frequency ωp.
For realistic systems, it is in general necessary to per-
form a detailed calculation. However, in the limit of large
and small distances, explicit expressions can be obtained.
At large distances (i.e., for D  c/τ), the Casimir mag-
netic force is essentially determined by the dielectric ten-
sor




at low imaginary frequency. In this regime, one can safely
approximate the conductivity tensor σ(iω), in the above
expression, by its dc value
σ(0) = σ
0




where σ is the dc conductivity, and θ the anomalous Hall
angle of the ferromagnetic mirror. Proceeding as for the
Drude model, one then obtains,







from which Eq. (1) follows immediately.
For short distances, the Casimir magnetic interac-
tion is dominated by imaginary wavevectors ik? with
ω?  k?c ’ c/D, where the cut-o frequency ω? is of the
order of the plasma frequency, or the typical frequency of
interband transitions. In this regime, rss and rpp satisfy
Eq. (16a) and
rsp(iω, ik?)  − ω εxy(iω)2k?c [1 + εxx(iω)] . (21)
One eventually obtains,












[1 + εAxx(iω)] [1 + εBxx(iω)]
dω, (22)
from which Eq. (2) follows immediately.
Let us now discuss whether the novel Casimir magnetic
interaction can be observed experimentally. Obviously,
the regime of potential experimental interest is the short
distance limit. To obtain a rough estimate of the mag-
nitude of the eect, it is sucient to approximate the
(magneto-)optical absorption spectrum by a single ab-
sorption line at frequency ω0 containing all the spectral
weight, i.e., we write:
Im εxx(ω)  ω0 εeffxx δ(ω − ω0), (23a)
Re εxy(ω)  ω0 εeffxy δ(ω − ω0). (23b)
This is expected to be a good approximation in the limit
of small distances (i.e., high frequencies) where the de-
tails of the (magneto-)optical spectra should not matter
too much. The dielectric tensor at imaginary frequency
is then obtained from the causality relations
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and one eventually obtains

























By simple inspection of the (magneto-)optical absorption
spectra of transition metal ferromagnets [16,17], one nds
that the model parameters assume the typical values
ω0  6 1015 s−1, (26a)
εeffxx  10, (26b)
εeffxy  1.5 10−2. (26c)
Experimentally, it is usually not convenient to maintain
two plates accurately parallel to each other, so that a con-
guration with a planar mirror and a lens-shaped mirror
is usually adopted. Even in this conguration, the par-
asitic magnetostatic interaction can be made as small as
needed by taking a uniformly magnetized plate of su-
ciently low thickness and suciently large lateral exten-
sion. The net resulting Casimir magnetic force F (not
to be confused with the Casimir magnetic force per unit
area F) is then obtained by means of the \proximity
force theorem" [18]:
F = 2piR E(D), (27)
where R is the curvature radius of the lens-shaped mir-
ror and D the shortest distance. For R = 100 µm and
D  c/ω0 ’ 50 nm, one nds that jF j  10 fN, with
only a weak (logarithmic) dependence upon D. This
force is of course several orders of magnitude weaker
than the non-magnetic Casimir force; however, it can
be detected separately by using a dierential method:
one should use a plate covered by thin magnetic layer
(or multilayer) with perpendicular anisotropy, high co-
ercivity and high remanence on one hand, and a lens
covered by a low coercivity magnetic lm whose mag-
netization can be switched by a weak ac magnetic eld
(without modifying the magnetization of the hard layer)
on the other hand. Lock-in measurement at the ac fre-
quency would then allow to detect the magnetic compo-
nent of the Casimir force independently of the (dc) non-
magnetic force. The force to be detected here ( 10 fN)
is about two orders of magnitude smaller than the sensi-
tivity of the recent measurement of the Casimir eect re-
ported in Ref. [12]. However, sensitivities of 0.1 to 10 fN
in \magnetic resonant force microscopy" have been re-
ported [19,20]; furthermore, the detection of forces in the
attonewton (10−18 N) range has been achieved recently
in micromechanical devices [21,22]. It therefore appears
plausible that the experimental test of the novel Casimir
magnetic interaction predicted here would be feasible.
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